Methods
Between 2003 and 2007, 4 patients with extradural or intradural arterial dissections were treated at our institution with stent placement or stent-assisted coiling. Medical and radiology records were reviewed. Age, sex, clinical condition, site, and dissection features were collected and are summarized in Table 1 . Two patients (patients 1 and 2) presented with SAH, and their angiogram revealed intradural dissections of the left VA and the right VA, respectively. Two traumatic extradural dissections (patients 3 and 4) were located on the right and left ICA. All the procedures were performed, with the patient under general anesthesia, by using the femoral approach. The technical description of each procedure is summarized to explain the different methodology chosen based on the lesion morphology.
Case 1
This patient presented with SAH after posttraumatic dissection of the V4 portion of the left VA. A single Neuroform stent (Boston Scientific) was deployed at the dissection site, but further insertion of coils in the pseudoaneurysm was not achieved.
Case 2
This patient presented with SAH after dissection of the V4 portion of the right VA (Figures 1 and 2) . Because of the significant length of the dissected segment, it was decided to insert 2 Neuroform stents in telescopic fashion at the site of the lesion (Figure 3 ).
Case 3
This patient presented with a significant life-threatening bled, with epistaxis and hemoptysis with laceration of the right ICA at the carotid siphon 10 days after a motor vehicle accident. In this case, because of the presence of a complex pseudoaneurysm, a Neuroform stent was deployed in the carotid siphon followed by insertion of GDC coils.
Case 4
This patient had an iatrogenic dissection of the left ICA during skull-base surgery, which resulted in severe perioperative bleeding. The angiogram demonstrated a focal dissection with a micropseudoaneurysm treated by deployment of a single Neuroform stent.
No premedication with anticoagulation was performed, however, all the patients received a bolus of heparin (3000 IU) immediately after stent deployment. A continuous infusion of intravenous heparin was also maintained during the 12 hours after the procedures. Follow-up angiography was performed at 3e12 months (patients 1, 3, and 4) and at 2 years (patient 1). Clinical outcomes at 1e4 years were determined by reviewing medical records.
Results
A summary of endovascular treatment, immediate and follow-up angiographic results, and clinical outcomes is given in Table 2 . In the 2 patients with SAH, immediate angiographic outcomes were restoration of the calibre of the vessel (patients 1 and 2), with slight reduction of the pseudoaneurysm (patient 1) and improvement of the irregularity (patient 2) ( Figure 4 ) . In the 2 extradural arterial dissections, immediate angiographic results were occlusion of 80% of the pseudoaneurysm (patient 3) and reconstruction of the wall by stent, with no significant change in the calibre of the vessel (patient 4).
Excellent outcome (resolution of symptoms) was seen in 3 patients (patients 2, 3, and 4) and good outcome (gradual improvement of neurologic status) was seen in 1 patient (patient 1). Unfortunately, 1 patient (patient 2) developed an intracerebral hemorrhage when removing an extraventricular drain and was subsequently transferred to a rehabilitation centre.
Follow-up angiography at 3e12 months demonstrated significant reduction of the size of the pseudoaneurysm in 1 patient (patient 1), stability in 1 patient (patient 3), and total resolution in 1 patient (patient 4) ( Figure 5 ). A 2-year follow-up angiography was available for 1 patient (patient 1) and revealed partial recanalization of the pseudoaneurysm. However, there was no clinical evidence of rebleeding in any cases at 1e4 year follow-up.
Discussion
In the majority of cases, intracranial VA dissection occurs spontaneously [1] . It has been suggested that acute dissection is caused by a sudden disruption of the internal elastic lamina, with subsequent penetration of circulating blood into the wall of the artery and creating an intramural hematoma, the so-called false lumen [1, 6] . It also has been suggested that rupture of the vasa vasorum and rupture of new vessels formed in response to medial necrosis might generate primary intramural hematoma [6, 7] . Most cases of dissecting aneurysm are idiopathic in origin, but numerous risks factors have been reported in the literature, including trauma, hypertension, syphilis, fibromuscular dysplasia, cystic medial necrosis, polyarteritis nodosa, Ehlers-Danlos syndrome, Marfan syndrome, autosomal dominant polycystic kidney disease, osteogenesis imperfecta type 1, hyperhomocysteinemia, a 1 -antitrypsin deficiency, and abnormalities of neural crest cells [1, 7, 8] . Cranial arterial dissections have a highly variable prognosis, which ranges from complete recovery to important neurologic deficit. Clinically occult dissections have been found incidentally in patients who had undergone magnetic resonance imaging or magnetic resonance angiography for other reasons, and they can be explained by incomplete vessel occlusion or, alternatively, by vessel occlusion in the presence of good collateral circulation [9, 10] . Ischemic symptoms are common, and they are mainly caused by distal embolization from the dissection site or thrombotic occlusion of branch vessels rather than hypoperfusion because of arterial stenosis or occlusion [11, 12] . Rare chronic and large dissecting aneurysm produce a mass effect, and the patient can present with headache, occipital pain, vertigo, vomiting, progressive myelopathy, dysphagia, and hearing loss [1, 5] . Intradural arteries lack an external elastic lamina and have a thinner adventitia than systemic arteries [13, 14] . Therefore, these dissections are more likely to produce SAH (patients 1 and 2). Finally, extradural arterial dissection may cause symptoms such as epistaxis and intraoperative bleeding (patients 3 and 4). The first step in the decision-making algorithm of treatment is to recognize patients who present with ischemic symptoms that will usually be managed conservatively or those who present with SAH and extradural bleeding that generally requires urgent endovascular treatment [15, 16] . Surgical procedures (ligation of the proximal vessel, direct clipping or trapping or wrapping of the aneurysms) are associated with higher mortality rates and higher rates of postoperative complications [1, 5, 17] . Conservative management by anticoagulation and antiplatelet therapy prevents further thromboembolic events, because most infarctions caused by dissection are thromboembolic rather than hemodynamic in origin [11, 12] .
The second step in the decision-making algorithm of treatment is to decide between deconstructive procedures (internal trapping and parent vessel occlusion) or reconstructive procedures (stent placement, stent-assisted coil embolization). Ahn et al [18] , in a large series of intracranial and extracranial dissecting aneurysms treated with stent or stent-assisted coil, concluded that the success in reducing dissection-induced stenosis or pseudoaneurysm, the patency rate obtained at follow-up, and the lack of strokes suggest that reconstructive approaches appear promising. Stent placement across the site of dissection excludes the aneurysm from the inflow zone by providing the necessary centrifugal force to permit apposition of the dissected segment to the vessel wall [15, 18, 19] . Furthermore, stentassisted coil also preserves arterial flow and maintains selective occlusion of the aneurysmal pouch [20] . By acting as a rigid scaffold, the stent prevents coils herniating into the parent vessel from even a wide-necked, irregular-shaped aneurysm [21] . Foremost, the reconstructive procedure offers a major advantage, because the fate of collateral vessels is unknown [18, 22] . However, endovascular reconstructive procedures have several limitations. Stents may occlude perforating arteries [10] . However, experimental evidence in dogs suggests that small lateral vessels tend to remain patent if less than 50% of the ostial diameter is covered by the stent [10, 23] . Acute thrombotic occlusion of the stent or thromboembolic complications may occur, but the high porosity of the currently available stents reduce those events [1,23e25] . In fact, this high porosity of the stents may be insufficient to produce intraluminal thrombosis within the dissection and thus fail to prevent subsequent rupture [16, 21, 22] . In addition, the anticoagulation and antithrombotic medication use during and after the procedure may delay thrombosis of the aneurysm and also produce recurrent bleeding [21] . Other limitations include rupture during placement of the stent or coils, difficulty of navigating the microcatheter through the stent strut, the risk of the coils unravelling, stent movement after deployment, stent movement during coiling, and vasospasm during stenting [1, 22, 23, 26, 27] . In many cases, the stent-assisted coil technique is impossible, because the associated saccular component is too small or not well defined. In those cases, stent placement alone is a valuable strategy (patients 1 and 4). As discussed above, stents are potentially thrombogenic. Anticoagulation and antithrombotic medications help to maintain the parent arterial flow after stent placement [22, 26] . A comparison between anticoagulant and antiplatelet therapy after the placement of coronary artery stents demonstrate a lower incidence of thrombotic event in the antiplatelet group [28] .
A stent within a stent technique (patient 2) and a telescoping stent are other endovascular reconstructive procedures. Those methods theoretically decrease stent porosity and thus accelerate intrasaccular thrombus formation by promoting stasis. However, as the porosity decreases or as the stent surface area increases, the risk of thrombogenic events within the true lumen increases [10, 22, 24, 25] .
Endovascular deconstructive techniques include internal trapping and parent vessel occlusion. Internal trapping, the obliteration of the entire segment of the dissected site with coils, collapses the false lumen by the coils within the true lumen [29] . Alternatively, parent vessel occlusion limits the risk of catheter and wire manipulation across the dissection site and is indicated for fusiform or wide-necked pseudoaneurysms that could be unsuitable for coils [30] . However, cases of rehemorrhage have been reported, and the rebleeding may be secondary to retrograde flow from the contralateral arteries [30, 31] .
Cranial artery dissection requires a close follow-up. Patients who present with ischemia and who receive conservative treatment need a follow-up angiography in the early stage of the event (in the first 3 weeks), because 88.2% of unruptured VA dissections showed angiographic changes [32, 33] . However, patients who present with SAH or extradural bleeding need long-term monitoring at regular intervals to make sure that there is no risk for recurrent aneurysm regrowth, rebleeding, and future dissection, because rerupture or recanalization and growth of the aneurysm can occur months to years after treatment [22, 34, 35] . A 2-year followup angiogram was available for 1 patient (patient 1) and demonstrates partial recanalization at the site of dissection. However, the absence of evidence of rebleeding at 1e4 years clinical follow-up suggests that the reconstructive procedure may have long-term efficacy. 
Conclusions
Patients with cranial artery dissections who present with SAH or extradural bleeding require urgent treatment to prevent repeated hemorrhage and mortality. Reconstructive endovascular treatment with stent placement or stent-assisted coiling appears to be an effective management strategy. The preservation of the parent vessel and the absence of rebleeding after 1e4 years suggest that those procedures may have long-term efficacy. Larger series are required to evaluate the long-term safety of these techniques.
